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Doxycycline compliance is an essential medical consideration for Commanders and medical personnel in the deployed environment. In current and previous conflicts in malaria endemic areas, malarial infection is a detriment to military personnel's health and consequently mission success. It is well known that no matter how efficacious a countermeasure for malarial infection may be, personal fai lure to comply with medication administration negates its effectiveness. This performance improvement project demonstrated that doxycycline compliance was less than optimal at Bagram Ai r Field . In addition, this project highlights the need for exploration/research to improve doxycycline compliance in military personnel. 15 
Background
Doxycycline is a common antibiotic prescribed as malarial prophylaxis to U. S.
Military personnel deployed to areas where malaria is endemic such at Afghanistan.
• 2
Each year, numerous military personnel are infected by the parasites that cause malaria, primarily Plasmodium vivax, during their service in Afghanistan. 3 Therefore, compliance with malaria chemoprophylaxis is very important. The World Health Organization (WHO) reports Afghanistan has the fourth highest worldwide malaria burden of non-African countries and the second highest in the Eastern Mediterranean Region. 4 Individuals from the U.S. have historically high percentages of prescription noncompliance. 5 Lack of compliance has been called "America's other drug problem,. and costs the U.S. more than $170 billion annually in direct and indirect health care costs. 6 In the military setting, lack of malaria chemoprophylaxis can be detrimental to operational readiness and prevent critical missions from being accomplished. 1 There is a long history of non-compliance with malaria chemoprophylaxis by military personnel.
Published compliance rates from recent military deployments have ranged from 30 to 56%.
"
10 Such compliance rates are incompatible with good military order and discipline .
For example, in 2005, the rate of infection among one U.S. equipment platoon in Afghanistan was 53%.
11
Despite the scientific advances and knowledge of non-compliance with malarial prophylaxis, the military efforts to encourage compliance are somewhat discouraging.
During the 13 years that the U.S. has deployed military personnel to Afghanistan, there have been appr~ximately 100 cases ofmalaria reported annually. 12 The are several possible reasons to explain this high number of infections to include lack of availability of doxycyline during periods of deployment, non-compliance with doxycycline, and failure of leadership to enforce and emphasize prevention mcasures. 11 Personal reasons for non-compliance include forgetting to take the medication, unwanted side effects, lack of medication, and a disdain for taking pills. 11 Studies demonstrate that when military leadership continuously emphasizes the importance of medication compliance, the rates of non-compliance due to patient forgetfulness decreases. of tetracycline demonstrated a reduction of up to 90% of doxycycline absorption. 18 In the event doxycycline and iron supplementation are co-administered , adsorption of doxycycline to achieve prophylactic levels is inhibited as well as proper absorption of
Iron.
Similarly, military members may take other nutritional supplements that interfere with doxycycline absorption. In 2008, the Institute of Medicine issued a report entitled ·'Use of Dietary Supplements by Military Personnel" that reported 34% of enlisted personnel take multivitamins, 19% take calcium suppplements, and 14% take iron supplements.
19 Each of these supplements can interefere with doxycycline absorption when taken concurrently. In the home-station military setting, patients receive current drug information when receiving a prescription, 20 but in the deployed setting, prescriptions are given during a more chaotic time in the patient's life. Even in optimal times, the average patient understands no more than 50% of what is prescribed to him/her. 21 As a result, military personnel may not fully understand the proper way to take doxycycline. To date, there has been no formal evaluation of nutritional supplement intake in conjunction wth prescribed doxycycline in a deployed setting. In addition, there has been no fo rmal evaluati on of compliance to the instructions of how to take doxycycline properly.
Materials and Methods
Currently, military personnel are provided oral doxycycline tablets and instructed to take the medication once a day for prevention of malaria while deployed in Afghanistan. Previous studies have reported that some military personnel do not take doxycycline as prescribed. 
Results
A total of 424 military members completed the survey. Summary demographics of those who completed the survey are shown in Tables I -32 . 
Discussion
The overall objective ofthis process improvement project was to collect and provide baseline information on doxycycline compliance for the Garrison Commander of Bagram Air
Field. This information may not only provide useful information to the current Emergency Management Staff at Bagram Air Field, but to other healthcare providers in theater and future researchers as well. While no one hypothesi s was proposed prospectively, the research team was interested in the general nature of doxycycline compliance, and particularly whetheri ndividuals in theater take their medication properly. This idea is reinforced by reports of up to 56% noncompliance with the prescribed doxycycline regimen in other mili tary studies. 11 Bagram Air
Field was determined to be an optimum place to obtain baseline information due to its large multiservice population and garrison-like environment.
The most important observation from this dataset is the relative doxycycline noncompliance among service members deployed to Bagram Air Field. A mere 7% of respondents took the medication as prescribed. Specifically, to be considered optimal intake. the medication was taken every day, on an empty stomach one to two hours before/after a meal, taken with water, not taken with vitamins/minerals, and not taken immediately before an extended sleep.
Analysis of the data reveals several potential reasons for this low compliance rate and supports the notion that more studies are required to fully examine why noncompliance occurs. First.
not all individuals reported being prescri bed doxycycl ine before deployment. Approximately one in twenty tive respondents reported having deployed w ith no prescription for dox ycycline.
In addition, only 89 % of respondents reported currently having doxycycline on hand.
Regardless of administration compliance, only 59 % of respondents reported taking doxycycline every day. The lack of daily intake in this military population points toward inadequate information, forgetfulness, and/or lack of motivation and internalization of reasons for taking the medication. Project data supports the proposition that inadequate information may be a contributing factor. Results demonstrated that a paltry 75% of respondents reported that their "leadership" ever mentioned the importance of taking doxycycline. In this survey, 71%
of "leadership" defined as E7-E9 and 04-06 reported taking doxycycline everyday vs. 54% for enlisted in ranks E l-E6. This is statistically significant (p=0.005 , Chi Square with Yates correction). The relatively high compliance rate among " leadership" in relation to enlisted members (E l-E6) could represent a disconnect between leadership knowledge and leadership dispersement of information. Of enlisted members who reported taking doxycycline, their leadership discussed the importance of taking medication 82% of the time. This is in contrast to enlisted members who did not take the medication everyday who reported a 63% rate of leadership encouragement (p=0.0005 , Chi Square with Yates correction). These statistically significant results highlight the need for leadership involvement in ensuring medication compliance.
Gender is a variable that was also shown to be important. Of those who reported taking doxycycline greater than once per week, females demonstrated a statistically higher probability of taking multi-vitamins than males (65% vs. 50%, p=0.02, Chi Square with Yates correction).
Approximately 34% of females and 28% of males taking multi-vitamins greater than once per week took these supplements concurrently with doxycycline. This co-administration of supplements with doxycycline is contrary to prescription directions and can lead to decreased absorption of doxycycline.
Perhaps the most intriguing observation was the side effects noted by the respondents. It was expected, based on the large number of side effects associated with doxycycline, that members would self-report side effects. Respondents had ten different side effects to choose from when completing the survey. Nearly 54% of respondents reported having some side effect(s). A striking 67% of females reported side effects vs. 47% of males (p=O.OOOI , Chi
Square with Yates correction). Nausea and upset stomach were the two most common complaints. Respondents were also allowed to "write in" other side effects they experienced.
Surprisingly, 6% of respondents noted "bad and vivid dreams, nightmare, terrors, etc ... ". In addition, many other respondents reported feeling high, funky depressions, hallucinations, and headaches. While certainly some of these reports may be attributed to service members hearing about some of these side effects commonly rep011ed for a different anti-malaria drug (mefloquine), the volume of responses regarding this topic and doxycycline strongly suggest future research. A complete listing of self-reported side effects and those reported by peers are shown in Table 19 and Table 20 . It should be noted that survey administration was performed using a convenience sample and all results could be biased by this methodology and not representative of the entire population of U.S. service members.
Conclusion
Doxycycline compliance is an essential medical consideration for Commanders and medical personnel in the deployed environment. In current and previous conflicts in malaria endemic areas, malarial infection is a detriment to military personnel' s health and consequently mission success. It is well known that no matter how efficacious a countermeasure for malarial infection may be, personal failure to comply with medication administration negates its effectiveness.
This performance improvement project demonstrated that doxycycline compliance was Jess than optimal at Bagram Air Field. In addition, this project highlights the need for continued exploration and research to improve doxycycline compliance among military personnel.
Attachment

Malaria Medication Survey
This 
